In cryptogenic fibrosing alveolitis there is progressive effacement of distal air spaces by fibrous tissue, while at the same time bronchioles and smaller bronchi dilate. Eventually the characteristic end-stage "honeycomb lung" develops. "Physiological measurements indicate restrictive and diffusion defects35 and sometimes obstruction of small bronchi.69 The abnormalities in the periphery of the lung are so dramatic that little attention has been paid to the larger airways, even though casual observation of the major bronchi in such cases gives the impression of an increase in glandular and muscular tissue.
We describe a morphometric study of the components of the walls of the main, lobar, and segmental bronchi in nine cases of cryptogenic fibrosing alveolitis examined at necropsy at East Birmingham Hospital.
Cases studied
Brief clinical details of the nine patients who formed the basis of this study are given in table 1. All these patients were diagnosed as suffering from cryptogenic fibrosing alveolitis during life, on the basis of criteria similar to those laid down by Turner-Warwick and herco-workers. 10 Respiratory function tests had been carried out in cases 1, 3, 5, and 9; these had shown restrictive and diffusion defects, but no evidence of airways obstruction. At necropsy in all the patients there was end-stage honeycomb lung, associated with acute inflammation and suppuration. A small localised peripheral adenocarcinoma was found in cases 3 and 8. There was extensive parenchymal smooth muscle hyperplasia in case 1.
There were two control groups. The first consisted of five patients coming to necropsy who were lifelong non-smokers and who had no clinical or postmortem evidence of respiratory disease. The second group consisted of 18 patients with chronic bronchitis diagnosed during life on the basis of excess mucus production, recurrent chest infections, and airways obstruction of varying severity.
Methods
In each case the left lung was pressure fixed with formol saline, an apparatus similar to that described by Heard et al being used. After 48 hours' fixation transverse blocks, each about 5 mm thick, were taken from the left main bronchus, from the upper and lower lobar bronchi, and from all the named segmental bronchi with the exception of the anterior segmental bronchus of the upper lobe. The blocks were processed and embedded in paraffin wax by a conventional technique. Three sections 5,um in thickness and about I mm apart were cut from each block and stained with haematoxylin and eosin. The cross-sectional area of the bronchial wall and the areas occupied by gland, muscle, and cartilage were then measured by means of a projecting microscope and a Reichert-Jung electronic planimeter. The periphery of the bronchus was taken to be a line following the outer surface of the perichondrium or an extrapolation of this line where the cartilage was absent.
The proportions of the components of the bronchial wall were expressed as a percentage of the total cross-sectional area. Statistical analysis was carried out with the aid of a Commodore Pet Computer. Differences were tested with Student's t test for paired and unpaired data.
Results

MORPHOMETRY
The amount of bronchial cartilage was the same in all three groups, whereas bronchial muscle and gland were often increased in the patients with chronic bronchitis or fibrosing alveolitis. The mean percentage of gland in the patients with fibrosing alveolitis was significantly higher than in the normal subjects (p < 0-05 at all sites). As expected, there was also a significant increase in the mean percentage of gland in the patients with chronic bronchitis (p < 0-01 at all sites). The mean percentage of gland was essentially the same in the chronic bronchitic and the fibrosing alveolitis groups (table 2).
In the fibrosing alveolitis group the mean percentage of muscle was significantly higher than in the normal Table 2 Mean percentages (±SD) of gland and muscle in the bronchi of the three groups Muscle 0-6(0-1) 1-4(0-9) 2-5(1-9)*t subjects (p < 0-05) at all sites except one. The exception was in the main left bronchus, where, although the mean was higher in the fibrosing alveolitis group, the difference was not significant (p < 0-1). The mean percentage of muscle in the segmental bronchi of the upper and lower lobes ofthe fibrosing alveolitis group was also significantly higher than in the chronic bronchitic group (p < 0-025 and 0-05 respectively). There was, however, no statistical difference in the mean percentage of muscle in the main and lobar bronchi of the two groups. The quantity of muscle in individual bronchitic patients varied widely, and there was considerable overlap with the normal subjects (fig 1) . Although the mean percentages of muscle were much higher than normal in the chronic bronchitic group as a whole, the main bronchus was the only site where the increase reached significance (p < 0-05).
When the fibrosing alveolitis group was divided into two according to smoking habits (table 3), we found that in both subgroups the mean percentages of gland and, except for the left main bronchi, the mean percentages of muscle were still significantly higher than normal (p < 0-05). The quantity of gland and muscle in the bronchi of the ex-smokers was slightly higher than in the nonsmokers, but not significantly so.
Finally, the percentages of the various components varied according to site-for instance, there was more muscle in the lower lobe bronchus than in the upper lobe bronchus in the normal subjects and in the patients with fibrosing alveolitis, but not in the patients with chronic bronchitis (table 2) . This aspect of the study is outside the scope of the present paper, and will be dealt with elsewhere.
Histology
Histologically, the changes in the bronchus of the patients with fibrosing alveolitis were similar to those of chronic bronchitis. There was an increase in bronchial smooth muscle and gland (fig 2) , but no other abnormality was consistently seen. The bronchial epithelium was sometimes absent; when present it either was normal or showed patchy squamous metaplasia. There was often irregular thickening of the basement membrane. In some patients there was acute inflammation of the lamina propria, and in others a scanty infiltrate of lymphocytes; in one case there was a moderately dense lymphocytic infiltrate in the subepithelial connective tissue, but no lymphoid follicles were present. No eosinophils were seen in any of the bronchi examined. The cartilage was normal apart from occasional focal areas of calcification.
Discussion
The percentages of bronchial mucous gland in our normal and chronic bronchitic groups are similar to those quoted by other authors. 12-16 On the other hand, figures given in published reports for the percentage of bronchial muscle are generally higher than ours: they vary from 1-4% to 4-6% for normal subjects, 12-14 rising to 11P9% in asthmatics. 1648 There are two possible explanations for this. Firstly, in the past point-counting techniques rather than planimetry have been used, and point counting is inaccurate when the component under investigation is only a small percentage of the whole.'9 Secondly, the percentage of muscle varies according to site (table 2) , and previous workers have concentrated on only two or three bronchi whereas we have studied 10 in each case. Nevertheless, despite this disagreement with previously published figures, our investigation clearly shows that there is an increase in both mucous gland and muscle in the larger bronchi of patients with cryptogenic fibrosing alveolitis, resulting in pathological changes identical to those of chronic bronchitis. So far as we are aware, glandular hypertrophy has not previously been described in fibrosing alveolitis, but it does occur in diseases other than chronic bronchitis, particularly asthma. 12 18 Other conditions in which it has been described include bronchopneumonia, lung cancer, pneumoconiosis, and bronchiectasis.2022 Thurlbeck explains glandular hypertrophy in bronchiectasis on the basis of pre-existing chronic bronchitis, cigarette smoking, exposure to dust, and an unfavourable socioeconomic environment22; in bronchiectasis it seems to be due to proximal extension of infection and inflammation. Thurlbeck is also of the opinion that mucous gland hypertrophy may occur fairly quickly as a terminal event.
Hyperplasia of bronchial muscle is one of the characteristic lesions of asthma,' 2 18 23 where it is probably related to bronchospasm. Its place in chronic bronchitis is less clearcut. Morphometric studies based on point counting have shown that although the percentage of muscle is usually normal it is sometimes much increased. 23 1x Such an increase is found in patients with chronic bronchitis who have episodes of wheezing-the so-called "asthmatic bronchitics." Ix Using absolute measurements of area rather than percentages, Hossain and Heard found that bronchial smooth muscle was doubled in patients with chronic bronchitis.24 In our control series some of the bronchitic patients had increased bronchial muscle whereas others did not. The percentage of muscle in the group as a whole was higher than in the normal subjects, but because of the wide individual variation the difference did not reach significance. Clearly, the whole question of bronchial muscle in chronic bronchitis requires further investigation.
The cause of the increase in muscle and gland in cryptogenic fibrosing alveolitis is uncertain. Pre-existing chronic bronchitis as a factor seems unlikely: there was no history of this condition in any of our cases; and furthermore five of the patients had never smoked, while the other four had given up at least a year before death. These changes also seem unlikely to be due to the effects of an inhaled antigen, although the muscular hyperplasia is reminiscent of asthma. Recurrent and persistent pulmonary infections, however, are a feature of fibrosing alveolitis in its terminal stage, and in all our cases there was acute inflammation and suppuration in the lung parenchyma at necropsy. Probably therefore, as in bronchiectasis, the glandular hypertrophy is the result of extension of infection into the central bronchi. The muscular hyperplasia may also be a reactive change of a similar nature.
Although the pathological changes are striking their clinical significance is doubtful, except perhaps in the terminal stages. In our cases, where the appropriate tests had been carried out there was no physiological evidence of an obstructive defect. Moreover, published data on the physiology of fibrosing alveolitis indicate that there are diffusion and restrictive defects, but that obstructive defects are rare and when present apparently associated with lesions of the small airways.3 59
